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Abstract 

The genus Crataegus L. is one of the largest species in the family Rosaceae Juss. 
The fruits are used as medicinal raw materials (Crataegus fructus), as they contain 
a set of biologically active compounds. The genus is voluminous and 
taxonomically problematic due to significant variability, hybridization, apomixis, 
and polyploidy. As a result, it is difficult to determine the species of the genus. 
Species of the genus have a number of diagnostic features, one of which is a 
distinct fruit with seeds. The aim of our study was to identify and compare the 
diagnostic features of the fruits of seven species of the genus Crataegus flora of 
Ukraine, which are most often used as medicinal raw materials and are the most 
common in Ukraine - Crataegus laevigata, C. monogyna, C. pentagyna, 

C. pseudokyrtostyla, C. sanguinea, C. fallacina, and C. rhipidophylla. The study was 
performed using scanning and digital microscopy, and descriptions were made by 
standard methods. As a result, we identified features that clearly distinguished the 
studied species from each other. We identified mature fruits that contain only one 
pyrene (C. monogyna, C. pseudokyrtostyla, C. fallacina, and C. rhipidophylla), and 
several pyrenes (C. laevigata, C. pentagyna, and C. sanguinea) among the studied 
species of the genus. The studied species are characterized by spherical and 
ellipsoidal fruits. The predominant color is fulvous/brown with different shades, 
but almost-black fruits of the species C. pentagyna are well distinguished. Fruits of 
all studied species of the genus are fleshy, except C. sanguinea, which is floury. 
The species is characterized mainly by yellow flesh fruits, except C. pentagyna, 
which has ribbed fruits. The fruits of C. monogyna plants differ from those of 
other studied species by the spinous-tuberous surface relief. Pyrenes of triangular 
shape are observed only in C. pentagyna. We suggest that these features can be 
used as additional diagnostic tools to determine the species of the genus Crataegus 
flora in Ukraine. 


Keywords 
diagnostic features; pyrenes; sculpture; flesh; medicinal raw materials; crataegi 
fructus 


1. Introduction 


There are more than a thousand species of the genus Crataegus L. worldwide. 
According to the Catalogue of Life (Roskov et al., 2019), there are 1,447 Latin names 
of hawthorn, which is the common name of the species in the genus. In the Flora of 
Eastern Europe, Tsvelév (2001) has listed over 1,500 species for the genus Crataegus. 
According to various sources, in Ukraine, there are 33 native species and several 
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cultivated species that are becoming wild (Cherepanov, 1995; Fedoronchuk, 2003, 
2017; Mosyakin & Fedoronchuk, 1999). 


The genus Crataegus is voluminous and taxonomically problematic because of 
significant variability, hybridization, apomixis, and polyploidy (Fedoronchuk, 2017; 
Tukhymenko, 2019; Mezhens’ka & Mezhens’kii, 2013). As a result, it is difficult to 
accurately determine the species of the genus. Generally, they differ in the 
occurrence and morphological features of modified shortened shoots (thorns), such 
as size, shape, degree of dissection, and pubescence of the leaf blade, and in the 
shape, size, surface type and other features of fruit and number of seeds. 


Comprehensive studies of species of the genus Crataegus for the purposes of 
taxonomy in Ukraine have been caried out over almost a century, but even currently 
there are a number of controversial issues due to the inherent hybridization of 
hawthorns and variability of features depending on environmental growth 
conditions. This complicates the task of identifying clear diagnostic features of 
hawthorn raw materials for their standardized use in the pharmaceutical industry 
and medicine. Therefore, a comparative analysis of the main diagnostic 
morphological and anatomical features of the fruits of model species of the genus 
Crataegus was undertaken in this study, and the results are provided below. 


One of the controversial issues regarding the morphological characteristics of the 
generative organs of the genus Crataegus is in the determination of the type of fruit. 
For example, according to Krylov (1903) it is a “spherical drupe,’ while according to 
Bobrov et al. (2009) it is a “pyrenarium-like apple?” Fedoronchuk (2017) classified the 
fruit as an “apple,” in which fully or partially grown leaves (many-locular carpels) 
grow with the inner wall of the hollow axis of the flower (hypanthium), which 
subsequently becomes fleshy, whereas Iukhymenko (2019) and Korovkin (2007) 
classified it as “stone-like apple.” and according to Vanin (1967) and Gubanov et al. 
(2013), the fruit is an apple. In other literature sources, the name “berry-like fruit” 
has been incorporated (Alaghawani & Naser 2013; Christensen, 1992). According to 
one of the main anatomical and morphological features, the type of hawthorn fruit is 
a “pyrenarium.” It is characterized by the presence of a hard sheath formed from the 
inner tissues of the pericarp, which surrounds the seeds and arises from the 
coenocarpic gynoecium (Artiushenko & Fedorov, 1986) with dry sepals that remain 
on it (Iukhymenko, 2019; Ufimov, 2013). Following Bojnansky and Fargasova (2007), 
we consider pyrene as a seed covered with a stony layer, and fruits that contain 
pyrene as stone fruits. A review of the fragmentary literature available on the 
morphological features of hawthorn suggested that in the studies of fruits, attention 
was mostly paid to their size, weight, color, number of pyrenes (seeds surrounded by 
fruit endocarpium), color of flesh, and morphometric characteristics of seeds. 

We analyzed the available data on morphological and anatomical features of the 
Crataegus spp. fruits of the following species: Crataegus orientalis Palas ex. M. Bieb. 
var. orientalis, C. aronia (L.) Bosc. ex DC. var. aronia, C. meyeri Pojark., 

C. tanacetifolia (Lam.) Pers, C. pontiaca Koch, C. ambigua C. A. Mey, C. pojarkovae 
Kossych, and C. orientalis Pall. ex M. Bieb. (Fikret et al., 2006) and C. sanguinea, 

C. douglasii, and C. submollis (lukhymenko, 2019). We found that complex studies 
were either absent or fragmentary data were available. In particular, Turkish 
botanists studied the genotype features of 42 samples of fruits and seeds of the genus; 
the length, width, weight, and the ratio of length to width of the fruit were taken into 
account (Fikret et al., 2006). In addition, a comprehensive study of C. ambigua C. A. 
May was conducted, including studies of the anatomical structure of the fruit 
(Tuyakova et al., 2016), and taxonomic analysis of Crimean species (C. pojarkovae 
Kossych and C. orientalis Pall. ex M. Bieb). Based on these results, it was noted that 
the main diagnostic features were fruits: their variation in color and size (Letukhova 
et al., 2014). 


Fruits of hawthorns (Crataegus fructus) are mostly used as medicinal raw materials. 
Because of the presence of a set of biologically active compounds, preparations with 
hawthorn fruits have multiple therapeutic effects, among which the most significant 
are lipid-lowering, antiatherosclerotic, hypotensive, and cardioprotective effects 
(Antsyshkina et al., 1990; Evdokimova, 1999; Pengzhan, 2012; Samylina et al., 2010). 
The State Pharmacopoeia of Ukraine (2014) (SPU) lists 12 species of the genus 
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Crataegus, the raw materials of which are permitted for use in medicine. Five of 
these species exist naturally in the flora of Ukraine - Crataegus laevigata (Poir.) DC., 
C. monogyna Jacq., C. pentagyna Waldst. & Kit., C. pseudokyrtostyla Klok. 

(C. curvisepala Lindm.), and C. sanguinea Pall. (Mezhens’ka & Mezhens’kii, 2013; 
Mosyakin & Fedoronchuk, 1999; SPU, 2014). This publication is the first in a series 
focused on the study of macro- and micromorphological features of raw organs of 
the genus Crataegus in Ukraine. The aim of this study was to identify and compare 
the diagnostic features of the fruits of seven species of the genus Crataegus 

(C. laevigata, C. monogyna, C. pentagyna, C. pseudokyrtostyla, C. sanguinea, 

C. fallacina Klokov, and C. rhipidophylla Gand.) that are most common in Ukraine 
and are most often used as raw materials. 


2. Material and Methods 


The fruits of seven species of the genus Crataegus of the flora of Ukraine, collected 
and identified by the authors, and samples from the National Herbarium of Ukraine 
(KW; http://sweetgum.nybg.org/science/ih/herbarium- details/?irn=125430) were 
selected for this study (Table 1). 


For each species, 30 fruits were used for analysis. All quantitative indicators were 
processed using the methods of variation statistics using the program Statistica 
StatSoft ver. 10 (USA). We did not perform a statistical comparison of species, 
because the aim of this work was to identify diagnostic features of the fruits of 
species of the genus Crataegus, which are most often used in medicinal raw 
materials, rather than resolving problems of species taxonomy. 


The sculpture of the fruit surface was studied using a scanning electron microscope 
(SEM) (JSM-6060 LA; JEOL, Japan). Samples for SEM research were processed 
according to the standard method: dehydrated objects were fixed on brass tables and 
sprayed with a thin layer of a mixture of gold and platinum in a vacuum chamber. 

A Superior 10-220x digital microscope (Sigeta, Ukraine) was used for 
macromorphological studies. The size of the fruits and seeds was determined using a 
measuring ruler on a millimeter scale. The terminology following Artiushenko and 
Fedorov (1986), Bojnansky and FargaSova (2007), and Korovkin (2007) were used 
for morphological and anatomical feature descriptions. 


3. Results 


Detailed descriptions of the studied species of the genus Crataegus obtained from the 
analysis of literature data (Cherepanov, 1995; Grossgeim, 1952; Gubanov et al., 2013; 
Komaroy, 1939; SPU, 2014; Zerov, 1954, 1965) and our own research results are 
provided below (Table 2). 


Crataegus laevigata. The fruits are elliptical to short-ellipsoidal in shape 

(Figure 1A). The color is brownish-red, brown, or black, flesh yellow and juicy in 
consistency. The length of the fruit varies from 5 to 9 mm [mean = 7.6 + 0.9 mm, 
CV (coefficient of variation) = 5%], and width varies from 4 to 9 mm 

(mean = 6.6 + 0.75 mm, CV = 8%). The relief of the surface of fruits is collicular 
(Figure 2A), and there are epicuticular waxes, which are represented by wax plates. 
The number of pyrenes is two (three), and they have two or three sutures on the 
dorsal and ventral sides (Figure 1H). They are irregularly shaped, convex, ribbed on 
the dorsal side, flat, or grooved on the ventral side. The sculpture of the surface of 
pyrenes is reticular-collicular (Figure 1H, Figure 3A). 


Crataegus monogyna. The shapes of the fruits vary from widely-short-ellipsoidal or 
ovoid to rounded (Figure 1E). The color is dark red, brownish-red, and flesh is 
yellow and juicy. Fruit length varies from 5 to 10 mm (mean = 7.6 + 0.95 mm, 

CV = 9%) and width varies from 4 to 6 mm (mean = 5.7 + 0.7 mm, CV = 10%). 
Epicuticular wax is well developed and is represented by wax crusts and crystals 
(Figure 2B). There is one pyrene (Figure 11), the seam is visible on the lateral side, 
and there are two or three vague grooves on the dorsal side. Pyrene is characterized 
by a reticular relief (Figure 21, Figure 3C). 
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Table 1 The KW Herbarium specimens analyzed in the study. 





Species Origin of the specimens Date and authors Herbarium 
number 
Crataegus Transcarpathian region, Berehiv district, 2007-07-19; Minarchenko 146032 
laevigata Borzhava forestry, oak-hornbeam forest V. M., Solomakha T. D. 
Transcarpathian region, Berehiv district, 2007-07-19; Minarchenko 146027 
Borzhava forestry, oak-hornbeam forest V. M., Solomakha T. D. 
Ivano-Frankivsk region, Kosiv district, 2006-07-19; Iakushenko D., 068216 
Hutsulshchyna National Nature Park, Yabluniv Fitsailo T. 
village, roadside 
C. monogyna Poltava region, Poltava district, outside the 2007-05-21; Davydov D. A. 00112518 
village of Machuxy, ravine forest in the 
direction of the village of Kalashnyky 
Ivano-Frankivsk region, Kolomyia district, near 2006-07-11; Minarchenko 146031 
the village of Kolomyya V. M. 
Lviv region, Starosambirskyi district, near the 2007-08-24; Tymchenko I. A. 146030 
town of Dobromyl, on the slopes of Lysa 
mountain 
Transcarpathian region, Vynohradiv district, 2006-08-16; Minarchenko 146029 
Onok village, slope V. M., Tymchenko I. A. 
Mykolaiv region, Pervomaiskyi district, Protech 2001-07-26; Minarchenko 146028 
tract, village Migia, slopes, Southern Bug River V. M. 
C. pentagyna Khmelnytsky region, Horodytskyi district, 1968-05-27; Moroz I., 145062 
village Ivankovtsi Fedoronchuk M. 
Crimea, village Skalyste 1983-08-13; Fedoronchuk M. 145065 
Crimea, when descending from the Red Stone, 1988-06-18; Fedoronchuk M. 097688 
below through the Shikhtinsky pass, in the 
forest 
Crimean region, when climbing to the Ayu-Dag 1982-09-08; Fedoronchuk M. = 
C. pseudokyrtostyla Zhytomyr region, Novograd-Volynskyi district, 2007-05-20; Orlov O. O., 091915 
village Kurchycya, on the edge of an oak forest Fitsailo T. V. 
Kyiv region, Makariv district, village Kozynci 2019; Minarchenko V. M. 146033 
Zhytomyr region, Zhytomyr district, 1 km west 2005-08-23; Orlov O. O., 075127 
of Zhytomyr, slopes to the river Lisova, old Fitsailo T. V. 
sparse pine forest 
Lviv region., Zolochevsk district, village Bilyj 1986-06-27; Shumilova A. V. 096432 
Kamin, meadow near the Western Bug River 
Vinnytsia region, Kopikov district, near the 2003-07-04; Fitsailo T. V. 091934 
village of Majdan Bobryk, edge of oak forest 
C. sanguinea Zhytomyr region, Korosten district, the 2005-09-24; Orlov O. O. 073892 
outskirts of Korosten, on a pasture 
In the afforestation of Derkul forest research 2007-08-08; Filimonova M. V. 074872 
station, Luhansk region, Bilovodsk district, 
Horodyshche village 
USSR; Kirovohrad region, Dolyna district, 1949-06-20; Hryn F. 146175 
Veseli Bukovenky village 
Vinnytsia; cultivated 1928-11-10; Yankovskyi K. O. 146175 
Goloseevo 1939-10-01; Lypa O. L. 146177 
(Continued on next page) 
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Species Origin of the specimens Date and authors Herbarium 
number 
C. fallacina Zhytomyr region, Zhytomyr district, 1 km 2005-08-30; Orlov O. O., 075118 
southeast of the village Dovzhik, the eastern Fitsailo T. V. 
edge of the oak-pine forest 
Rivne region, Dubno district, Molodizhne, 116, 2013-08-11; Goncharenko V. I. 115028 
on the side of the road, VH 3392 
Zhytomyr region, Ovruch district, village 2008-05-21; Orlov O. O. 095361 
Potapovochi near the road 
Transcarpathian region, Svalyava district, 2007-07-20; Minarchenko 146036 
Svalyava forestry, near the village of Pasika V. M., Solomakha T. D. 
Ivano-Frankivsk region, Kolomyia district, near 2005-07-20; Tymchenko I. A., 146035 
the village of Spas Minarchenko V. M. 
Kyiv region, Makariv district, village Kozynci 2019; Minarchenko V. M. 146034 
C. rhipidophylla Transcarpathian region, Berehiv district, 2007-07-19; Minarchenko 146037 
Borzhava forestry, hornbeam-oak forest V. M., Solomakha T. D. 
Kyiv region, Makariv district, Mykolayivka 2012-06-20; Solomakha T. D., 14603 
village Tymchenko I. A., Minarchenko 
V. M. 
Table 2 Morphological features of fruits of species of the genus Crataegus L. 
Species name Shape Color Flesh Pyrene 
Color Consistence | Number Shape 
C. laevigata Spherical (short- Brownish-red, Yellow Juicy 2(3) Dorsal — convex, 
ellipsoidal) brown, black ventral — flat 
C. monogyna Widely-short- Dark red, Yellow Juicy 1 Rounded 
ellipsoid, ovoid, brownish red 
rounded 
C. pentagyna Almost Black, Reddish-brown Juicy 2-5 Triangular 
spherical, purple-black 
short-ellipsoidal 
C. pseudokyrtostyla _ Elongated- Dark red, with Yellow-orange Juicy 1 Ellipsoidal 
ellipsoidal, green spots, 
cylindrical reddish-brown 
C. sanguinea Spherical (short- Blood red Yellow Floury 2(3)-4(5) Triangular 
ellipsoidal) (brownish red) 
C. fallacina Ellipsoidal or Yellowish- Yellow Juicy 1 Flattened stone 
ovoid-ellipsoidal brown or 
red 
C. rhipidophylla Elongated- Dark red, Yellow Juicy 1 Flattened stone 
ellipsoidal, yellow, 
ellipsoidal, burgundy, 
cylindrical black 


Crataegus pentagyna. The fruits are almost spherical, round, or short-ellipsoidal 
(Figure 1F). The color is almost black or purple-black with a glaucinus coating at the 
base. The flesh is underdeveloped and reddish-brown. Fruit length varies from 6 to 
9(12) mm (mean = 8.9 + 1.5mm, CV = 17%), and width varies from 6 to 8 mm 
(mean = 7.2 + 0.5 mm, CV = 6%). The relief of the surface of the fruits is indistinctly 
collicular (Figure 2C). Epicuticular wax is well developed and is represented by wax 
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Figure 1 General view of the fruits and pyrenes surface of the studied species of the genus 
Crataegus L.: C. laevigata (A); C. sanguinea (A); C. fallacina (C); C. pseudokyrtostyla (D); 
C. monogyna (E); C. pentagyna (F); C. rhipidophylla (G); C. laevigata (H); C. monogyna (I); 
C. pentagyna (J); C. pseudokyrtostyla (K); C. sanguinea (L); C. fallacina (M); 

C. rhipidophylla (N). 


crusts. The number of pyrenes varies from two to several (three-four) (Figure 1J). 
The ventral side of the pyrene is a dilated pterygoid with a longitudinal crest, and the 
apex is narrow, rounded on the dorsal side, with a longitudinal groove. Pyrenes are 
characterized by a reticular relief (Figure 2J, Figure 3)). 


Crataegus pseudokyrtostyla. The fruits are spherical, oblong-ellipsoidal, or 
cylindrical in shape (Figure 1D). The color is dark red, often with green spots, 
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Figure 2 The sculpture of the surface of fruits and pyrenes of the studied species of the 
genus Crataegus L.: C. laevigata (A); C. monogyna (B); C. pentagyna (C); C. 
pseudokyrtostyla (D); C. sanguinea (E); C. fallacina (F); C. rhipidophylla (G); C. laevigata 
(H); C. monogyna (I); C. pentagyna (J); C. pseudokyrtostyla (K); C. sanguinea (L); C. 
fallacina (M); C. rhipidophylla (N). 


reddish-brown, and the flesh color is yellow-orange. The relief of the surface of fruits 
is collicular, and epicuticular wax is represented by well-developed waxy irregular 
platelets (Figure 2D). Fruit length varies from 9 to 11 mm (mean = 10.1 + 0.45 mm, 
CV =7%), and width varies from 5 to 6 mm (mean = 5.45 + 0.35 mm, CV = 8%). 
There is one pyrene (Figure 1K), characterized by pitted relief (Figure 2K, Figure 3D). 


Crataegus sanguinea. The fruits are almost spherical or short-ellipsoidal in shape 
(Figure 1B). Their color is blood-red (brownish-red) and rarely orange-yellow. 
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Figure 3 The sculpture of the pyrene surface of the studied species of the genus Crataegus 
L.: C. laevigata (A); C. monogyna (B); C. pentagyna (C); C. pseudokyrtostyla (D); 
C. sanguinea (E); C. fallacina (F); C. rhipidophylla (G). 


The flesh is yellow with floury consistency. Fruit length varies from 7 to 10 mm 
(mean = 8.6 + 0.9 mm, CV = 10%), and width varies from 7 to 9 mm (mean = 

8.1 + 0.7 mm, CV = 11%). The relief is collicular-pitted, and epicuticular wax is well 
developed, represented by wax crusts (Figure 2E). There are 2(3)-4(5) pyrenes 
(Figure 1L). Pyrenes are elliptic to obovoid, with sutures on the ventral side and one 
or three keels on the dorsal side. Their relief is collicular-pitted (Figure 2L, 

Figure 3E). 
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Crataegus fallacina. Fruits are spherical, short-elliptical, ellipsoidal, or ovoid 
ellipsoidal (Figure 1C). The color of the fruit is yellowish-brown or red. The flesh is 
yellow and juicy. Fruit length varies from 9 to 12 mm (mean = 8.6 + 0.9 mm, 

CV = 10%), and width varies from 5 to 9 mm (mean = 8.1 + 0.7 mm, CV = 11%). 
The relief of the fruit surface is collicular, with well-developed epicuticular wax 
(Figure 2F), which is represented by wax crusts and granules. Papillae are present on 
the fruit surface. Their area is approximately 0.39-0.41 mm”. There is one pyrene 
(Figure 1M). Its dorsal side is convex with four grooves, and the ventral side is flat 
with one furrow and a prominent nose. The relief is reticulated-pitted (Figure 2M, 
Figure 3F). 


Crataegus rhipidophylla. The fruits are elongated-ellipsoidal, ellipsoidal, or 
cylindrical in shape (Figure 1G). The color is bright or dark red, yellow, burgundy, 
or black. The flesh is yellow and juicy. Fruit length varies from 8 to 15 mm (mean 
12.6 + 2.74 mm, CV = 18%), and the width is 1.3-2 times greater than the length. 
The relief of the fruit surface is collicular with well-developed epicuticular wax 
(Figure 2G). Wax is represented by wax films and platelets. There is one pyrene 
(Figure 1N). The dorsal side is convex, and the ventral side is flat. The surface relief 
of the pyrene is reticulate (Figure 2N, Figure 3G). 


4. Discussion 


Morphological features of fruits are important for species identification (e.g., 
Alaghawani & Naser, 2013; Mehebub et al., 2019). A comprehensive study of the 
fruits and pyrenes of selected species of the flora of Ukraine was conducted for the 
first time. In the present study, it was found that the species of the genus Crataegus 
native to the flora of Ukraine are characterized by spherical and ellipsoidal fruits. 
The species differ in fruit size, with lengths varying from 5-9 mm (C. laevigata) to 
8-15 mm (C. rhipidophylla) (Figure 4) and widths varying from 4-6 mm 

(C. monogyna) to 7-9 mm (C. sanguinea) (Figure 5). The predominant color is 
fulvous/brown with different shades, but almost black fruits of the species 

C. pentagyna are well distinguished. 


Fruits of all studied species of the genus are fleshy, except C. sanguinea, which is 
floury. The species are characterized mainly by yellow fruits. The exception is 

C. pentagyna, which is reddish-fulvous. The fruits are usually topped with 
nondrooping, triangular, and pointed sepals that are bent outward. The surface of 
nonfixed fruits (fresh) in the studied species is smooth and shiny, except for the 
species C. monogyna, which has grooved fruits and the species C. pentagyna, which 
has ribbed fruits. The fruits of the studied species had very sparse pubescence at the 
base. The exception is the fruits of C. pentagyna, which have dense glaucinus coating 
pubescence, present both at the base and at the apex of the fruit. In all studied 
species, the fruits are covered with a solid layer of wax, and the studied species differ 
in the type of epicuticular wax. Thus, wax platelets are characteristic of 

C. pseudokyrtostyla, C. laevigata, and C. rhipidophylla, wax spathella are 
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Figure 4 Fruit lengths in the studied species of the genus Crataegus L. (axis y is the length 
in mm). 
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Figure 5 Fruit widths in the studied species of the genus Crataegus L. (axis y is the width 
in mm). 
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Figure 6 Pyrene lengths in the studied species of the genus Crataegus L. (axis y is the 
length in mm). 


characteristic of C. pentagyna and C. pseudokyrtostyla, and wax peels are 
characteristic of C. fallacina, C. pentagyna, and C. sanguinea. In the vast majority of 
the studied species, the relief of the fruit surface is collicular (C. laevigata, 

C. pentagyna, C. pseudokyrtostyla, C. fallacina, and C. rhipidophylla), 
collicular-pitted (C. sanguinea), and awned-undulating (C. monogyna). We identified 
mature fruits that contain only one pyrene (C. monogyna, C. pseudokyrtostyla, 

C. fallacina, and C. rhipidophylla), and several pyrenes (C. laevigata, C. pentagyna, 
and C. sanguinea) among the studied species of the genus. 


Pyrenes exhibit different shapes: irregular (C. laevigata and C. sanguinea), rounded 
(C. monogyna and C. laevigata), triangular (C. pentagyna), and ellipsoidal 

(C. laevigata, C. pseudokyrtostyla, C. fallacina, and C. rhipidophylla). They also vary 
in sizes: from 3-5 mm in length (C. monogyna) to 7-8 mm (C. pseudokyrtostyla) 
(Figure 6), and most species have a width of 3-4 mm (Figure 7). Pyrenes of all 
species are yellow, smooth on the lateral sides, and grooved on the dorsal and 
abdominal sides. The exceptions are the pyrenes of C. sanguinea and 

C. pseudokyrtostyla, which are pitted. They are highly compressed in C. sanguinea 
and C. fallacina. The relief of the surface of the pyrene is reticulated (C. pentagyna 
and C. monogyna), reticular-collicular (C. laevigata), reticulated-pitted (C. fallacina), 
collicular-pitted (C. sanguinea), and pitted (C. pseudokyrtostyla). 


We found that, in general, the morphological features of pyrenes in the studied 
species are similar. The size of pyrenes of different species of the genus Crataegus 
varies from 5 to 15 mm in length and 4 to 15 mm in width. 


Pyrenes are yellowish-brown in C. sanguinea, C. fallacina, and C. rhipidophylla, 
orange in C. sanguinea, red in C. fallacina, C. pseudokyrtostyla, and C. sanguinea, 
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Figure 7 Pyrene widths in the studied species of the genus Crataegus L. (axis y is the width 
in mm). 


red-brown in C. laevigata, C. monogyna, C. sanguinea, and C. rhipidophylla, and 
black in C. pentagyna. 


Thus, we identified features that clearly distinguished the studied species from each 
other. The almost black color is characteristic of the fruits of C. pentagyna. 

The largest fruits are observed in C. rhipidophylla. The fruits of C. monogyna plants 
differ from those of other studied species in the spinous-tuberous surface relief. 
Pyrenes of triangular shape are observed only in C. pentagyna. In our opinion, these 
features can be used as additional diagnostic tools to determine the species of the 
genus Crategus flora of Ukraine. Our findings can be included in the relevant chapter 
of the European Pharmacopoeia, including the State Pharmacopoeia of Ukraine, 

to the chapter on medicinal herbal raw materials and herbal medicines. 
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